Variations in the essential oil composition of aerial parts of pineapple weed (Chamomilla suaveolens (Pursh) Rydb.) growing wild in Estonia, were determined using GC/FID and GC/MS. Forty-four components were identified, representing over 90% of the total oil. Nine compounds have not been mentioned in the literature before. The principal biologically active compounds in C. suaveolens oils were (Z)-en-yne-dicycloether (17.0 -40.7%), (E)-β-farnesene (19.5-32.2%), geranyl isovaleriate (8.4 -18.4%), palmitic acid (0.3 -9.4%) and myrcene (1.1 -7.9%). The investigation seems to approve the benefit of using aerial parts of pineapple weed as the substitute for flowers.
The composition of pineapple weed essential oil has been the subject of rather limited investigation [1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The main biologically active compounds in the oil are (E)-β-farnesene [1, [5] [6] [7] [8] [9] [10] [11] [14] [15] [16] [17] , (Z)-or/and (E)-en-yne-dicycloether [1, 5, 7, 8, 10, 11, [14] [15] [16] [17] [18] , myrcene [6, 11, 15, 17] , geranyl isovalerate [10, 11, 14, 15, 17] , limonene [6, 14, 15] , germacrene D [6, 15, 17] , herniarin (7-metoxycoumarin) [1, 5, 14, 16] , bisabolol oxide A [1, 16] and geranyl valerate [14] . In some publications [1, 2] aerial parts of pineapple weed were considered to be a possible substitute for German chamomile flowers.
The aim of this paper was to investigate the yield and chemical composition of the essential oil from different aerial parts of pineapple weed samples growing in Estonia.
The essential oil obtained by hydro-distillation from eight pineapple weed samples were colorless liquids with a characteristic chamomile odor. The highest yield of essential oil was from the flowers (0.3 -0.4%), but other aerial parts also yielded significant amounts (0.2 -0.3%) ( Table 1) . By the standard of the U.S.S.R Pharmacopoeia, the flowers of pineapple weed should contain a minimum of 0.2% of essential oil [3] . Also, it was shown that the total aerial parts of pineapple weed harvested during flowering from Russia (Perm district) contained 0.2 -0.3% of essential oil [11] . Flowers of pineapple weed yield 0.25 -0.56%, leaves 0.29 -0.51% and stems 0.09 -0.13% of essential oil [9] . As reported by us earlier [1] , flowers could yield 39 -70%, leaves 19 -51% and stalks 10 -26% of the total essential oil found in the aerial parts. In different publications [9] [10] [11] , it was concluded that the relatively high oil content of various organs indicates a possibility of producing essential oil not only from flowers, but also from the whole herb. A similar conclusion was made as a result of analyzing flowers and aerial parts of pineapple weed of Estonian origin [1, 2, 12] .
Forty-four compounds, representing more than 90% of the total oil, were identified in the studied samples using RI values on two capillary columns and GC/MS data ( Table 1) . For some compounds, the compound groups could only be determined from mass spectral data using [M + ] and characteristic peak m/z values ( 1 -3 .8%). We did not find 7-methoxycoumarin (herniarin), which was the principal component in M. suaveolens oils reported in some earlier studies [5, 14] . Herniarin was also isolated from pineapple weed oil of Estonian origin by Arak et al. [13] . Possibly it can be explained by the fact that the content of essential oil depends on the growing area of the plant.
The essential oils of pineapple weed growing in Hungary [19] and Lithuania [20] contained chamazulen, but this was not detected by us either in this or previous investigations. Chamazulen is a typical constituent of the essential oils of German chamomile (0.7 -15.3%) [21, 22] and yarrow (Achillea millefolium L., 0 -42%) [23] growing and/or cultivated in different countries.
The content of the main constituents of the essential oils of both samples of pineapple weed were slightly different in the analyzed aerial parts, but major differences in the contents of the flowers and in other aerial parts were not detected ( Table 1) . As collecting flowers is an intensive process, it is more rational to collect the whole upper parts.
The current GC-analytical data give strength to the idea that the aerial parts of pineapple weed should be used instead of only the flowers.
Experimental
Plant material: Two samples of wild growing pineapple weed herbs were collected in summer, 2007, during the flowering period, from north-(Rakvere city) and south Estonia (Tartu city). The plant material was immediately divided into 4 portions: flowers, 1/3 upper aerial parts (height about 5 cm), 2/3 upper aerial parts (11 cm) and whole aerial parts (16 cm), and then dried at room temperature in a well ventilated room. All collected drug samples were preserved in well-closed bumper bags at room temperature in the absence of light. The voucher specimen is deposited in the herbarium of the Department of Pharmacy (University of Tartu).
Isolation of essential oil:
The essential oils were isolated from dried samples by the distillation method described in the European Pharmacopoeia [24] in the monograph for Matricaria flower (Matricariae flos) using 30 g of plant material, a 1000 mL round-bottomed flask, 300 mL water as the distillation liquid, and 0.5 mL of cyclohexane (instead of xylol) in the graduated tube to dissolve the essential oil. The distillation time was 4 h at a rate of 3 -4 mL/min.
GC/FID:
The essential oils were analyzed using a Chrom-5 chromatograph with FID on two fused silica capillary columns with two stationary phases: poly(5%diphenyl-95% dimethylsiloxane) (SPB TM -5, 30 m × 0.25 mm, Supelco, Switzerland) and polar polyethylene glycol (SW-10, 30 m × 0.25 mm, Supelco, Switzerland). Film thickness of both stationary phases was 0.25 µm. The carrier gas was helium, with a split ratio 1:150, and a flow rate of 30 -35 cm/s. The temperature program was from 50 -250ºC at 2ºC/min; the injector temperature was 250ºC. A Spectra-Physics SP4100 integrator was used for data processing. The identification of the oil components was accomplished by comparing their retention indices (RI) on two columns with the RI values of reference standards, our RI data bank and with literature data [25] [26] [27] [28] . The percentage composition of the oils was calculated from peak areas using the normalization method without correction factors. The relative standard deviation in percentages of oil components of three repeated GC analyses of a single oil sample did not exceed 5%.
GC/MS:
GC/MS analysis was carried out using a GCMS-QP2010 (Shimadzu, Japan) with a fused silica capillary column (30 m x 0.32 mm) with bonded stationary phase: poly (5%-diphenyl-95%-dimethylsiloxane) (ZB-5, Zebron). The film thickness of the stationary phase was 0.25μm. The carrier gas was helium with a split ratio of 1:8 and a flow rate of 44.4 cm/sec. The temperature program was 1 min at 60ºC and then from 60° -300°C at 8°C/min, and the injector temperature was 280°C. The MS detector was operated in the EI mode, 70 eV at a scan rate of 2 scans/s with an acquisition mass range of 40 -500 u.
